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A. PURPOSE:

1. The purpose of the present report is to summarize the results of a
preliminary experiment on the effect of dial size and dial graduation on the
speed and accuracy of obtaining quantitative information from instruments.
The report supplements and extends the data presented in Engineering Division
Memorandum Report No. TS A-694-lL, 20 October 19147.

B. FACTUAL DATA:

2. The research reported herein was conducted by Princeton University
as part of the work being carried on under contract with the Air Materiel
Cormmand. The complete report from Princeton is included as Appendix I.

3. The individuals who served. as subjects in the experiment read panels
of twelve similar instruments under instrictions to be as accurate as possible.
All readings ere made to the nearest unit. Measures of reading time and error
frequency were obtained.

4. The dials studied were of two sizes, 1.4 inches and 2.8 inches diam-
eter. Eight dial designs were investigated. Scale ranges from 0 to 100,
O to 200, 0 to 400 and 0 to 600 units were employed, in comibination with
graduation markings every 5 units or every 10 units. The eight designs are
shownm in Figure 2., page 7, of the Appendix.

5. Results may be sunmarized as follows:

a. Frequency of dial reading errors was primarily a function of the
arc length which was devoted to each unit on ,the circumference of the dial.
This finding is in agreement with results preiously reported.
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b. The results support the conclusion of a previous study (1gemor-
andum Report No. TSEAA-69L -lE , 31 March 1947) that for maximum reading
accuracy when each scale division represents 10 units, about 0.06 inches of
arc length per scale unit is optimal. By comparison the present study shows
that for dials graduated every five units, a slightly smaller arc length per
unit is optimal. Additional separation of scale units beyond these optimum .
values gave no further reduction in reading errors'

c. Dial reading speed was essentially the same for the two dial
sizes studied, but was found to vary with the to-tal number of units repre-
sented on the scale. Dials with a smaller range of values 7ere read faster.
This result differs from that found in 'an earlier study (. No. TS7AA-694-lE).

d. Under the c onditions of the experiment, 2.0 inch dials graduated
from 0 to 100 and w.Tith scale marks every 1',0 units w,!ere read with an error of
1 unit only 10% of the time and were neve read w.ith errors greater than 1 unit
At the other extreme, l.L1, inch dials graduated from 0 to 600 with scale marks
every 10 units, were read with errors of 1 unit ! 6 5 of the time and with errors
greater than 1 unit 11% of the time. Results for other dial size and scale
length combinations for both the present study and an earlier one are given in
Table 1 of the Appendix.

C. CONCLUSIONS:

6. If it is desired to increase the range of scale values on a dial and
at the same time maintain a constant degree of reading accuracy, the circum-
ference of the dial should be increased in proportion to the amount of increase
in the range of scale values.

D. REC OL0AE7NDATIONS:

7.- None.
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DESIGN OF INSTRUMENT DIALS FOR MAXIMUM LEGIBILITY: II.

A PRELIMINARY EXPERIMENT ON DIAL SIZE AND GRADUATION

INTRODUCTION.

This is a report of a short, exploratory experiment on the effect of

dial size and dial graduation on the speed and accuracy of obtaining

quantitative information from dial type instruments. The purpose of the

experiment was to determine approximately the range within which the

results of further and more complete studies might fall.. In this regard,

it supplements and extends the data presented in the first report of this

series (1).

APPARATUS AND PROCEDURE.

9Figure 1 shows the apparatus as viewed from the subject's side. The

subject sits in a three-sided enclosure, four feet square, He puts his

head against a cushioned headrest which keeps his eyes at a reading dis-

tance of twenty-eight inches from the test material. The single dial at

eye height on the panel is a sample dial. This dial, like all the sample

dials used, has no pointer. The particular sample which is presented in

the panel aperture before each trial indicates to the subject the kind of

dial which he will have to read on the next test card. When the subject

is ready, the experimenter slides the test card into position and illumin-

ates it. Every test card has twelve dials of identical design which the*--
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subject reads row by row, from left to right. Actually the subject never

sees the sample dial and the test dials at the same time as might be

assumed from the figure. Two small projectors, not shown in the picture,

are used to illuminate the sample dial and the test card independently.

On the experimenter's side of the apparatus there is (1) a supply bin

containing test cards, (2) a slide mechanism for moving the test cards

into position before the subject, (3) a second slide for presenting the

sample dials, (4) a pair of stop clocks for timing the subject's perfor-

mance, and (5) a storage bin into which test cards are placed as they are

used.

The experimenter inserts a test card in the sliding panel and moves

it into place in front of the subject. Next he throws a control switch to

change from sample dial illumination to test card illumination. This

starts the two stop clocks. The subject begins reading immediately. As

the first reading is called out, the experimenter stops the first clock.

At the eleventh reading, the second clock is turned off. Illumination

goes back to the sample dial after the twelfth reading. Although the sub-

ject makes twelve readings on every card, the experimental analysis is

based only upon his readings of the central set of ten dials on each card.

STIMULUS MATERIALS.

Eight dial designs were used in the experiment. These designs are

shown in Figure 2. There were 100's dials, that is, dialz reading from.

* -6-
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0 to 100; 200's dials, 400's dials, and 600's dials. For each scale

length there were dials graduated by fives, shown in the top row in the

figure, and others graduated by tens, shown in the lower row. Further, for

each type of dial, two sizes were used: one size 2.8 inches in diameter,

the other 1.h inches in diameter. For each type and size of dial, three

test cards were available. Thus there were h8 cards in all.

The stimulus materials were photographs printed on mat paper with as

high degree of contrast as could be obtained. The illumination was such

that the white parts of the dials were at a brightness of 6 foot lamberts.

The black areas were at a level of about 0.6 foot lamberts.

All the dial photographs used in the experiment showed the pointer

within three tenths of a unit of some exact unit position on the scale.'Settings were kept within this precision in order to eliminate ambiguous

settings midway between two unit positions. The precision of each setting

was checked by projecting the photograph negatives to a twenty-inch

diameter size.*

PLAN OF THE EXPFRIMENT.

Each subject read 30 dials of each type and size. His instructions

were to make each reading to the nearest unit. Since readings were made

to units, and not simply to the nearest division, interpolation to fifths

*For a more complete description of the apparatus and rationale of the tes-

ting procedure, see Reference 1.
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or tenths of divisions was necessary. The subjects were instructed to be

as accurate as possible in their readings, to read as carefully as they

would when making slide rule calculations. Each subject read 24 of the 48

stimulus cards on the first experimental day and the remaining 2)4 on the

second day. Six subjects, all graduate students in psychology, served in

the experiment. The card sequences which were used introduced systematic

rotations of the size and design variables. In order to minimize practice

or other order effects for the group, the time of appearance of individual

cards was counterbalanced for the different men.

RESULTS.

The results of the experiment are shown in Figures 3 to 5. Where

differences were observed, they were usually orderly and large. For this'reason and because the experiment was conducted as a preliminary test with

a restricted amount of stimulus material, no statistical analyses have been

made on the data.

Figure 3 shows the frequency of reading errors for the dials which

were graduated by fives. Percentage of wrong readings is plotted as a

function of the length of arc devoted to each scale unit. Any reading not

given exactly to the nearest unit was scored as incorrect. Arc length is

given in inches. Thus, as shown at the bottom of the figure, a 600's dial

1.4 inches in diameter has each unit on the scale represented by .007

inches. Clearly, a 200's dial of the 1.4 inch size and a 400's dial of

*-9-
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Frequency of Reading Errors For Dials Graduated by Fives

Data for 6 subjects in this experiment: 30 readings each
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Frequency of Reading Errors For Dials Graduated by Tons

Data for 6 subjeots in this experiment: 30 readings each
per dial, under accuracy instructions.

Data for 6 subjects in previous experiment, 100's dials

only.
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the 2.8 inch size have the same arc length for one unit of the scale dis-

tance. The same is true for the small 100's dial as compared with the

large 200's dial. The solid points plotted in the figure are for the small

dials., the open points for the large dials. Points for the smaller dials

are connected by straight lines and it is clear that the data for the large

dials are fitted well by this curve for the smaller dials. Thus, error

frequency for these dials graduated by fives was a function of linear arc

length per unit and was independent of dial size. Increase in the percen-

tage of error was very rapid when arc length per unit became less than

0.02 inches. Over the range of scales tested, errors increased in fre-

quency from a minimum of about h% to over 50%.

Figure 4 shows the data for the series of dials which were graduated

by tens. It will be noted that the frequency of errors for these dials

9 Owas generally larger than for the dials graduated by fives. For the hO's

and 600's dials of the smaller size, however, error frequency seemed to be

about the same whether graduation was by fives or tens. For the dials

graduated by tens, the data for the large dials (open points) and small

dials (solid points) are not fitted so well by a single curve as they were

in the case of the dials graduated by fives. This suggests that the exact

role of dial size will warrant further study.

Figure 5 presents data for speed of reading. It summarizes the time

measurements for all the readings which were made for large and small

dials and for dials graduated by fives and tens. In this figure, average

reading time in seconds is plotted as a function of arc per scale unit,
W -11i-
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I ading Times For All Dials
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where the arc is measured in degrees. Small dials are again represented

by solid points and large dials by open points. Points for the small

dials are connect't by straight lines. The data show that average read-

ing time increased from two seconds to four or five seconds as the arc

devoted to each scale unit decreased from 3.6 to 0.6 degrees. Dial size

had a consistent but minor effect. Most significant is the fact that,

within the range of dial sizes studied, reading speed was primarily a

function of the number of degrees subtended by each scale unit, that is to

say, a function of the complexity of the dial or the number of units which

were represented on the circumference.

Where direct comparisons are possible, the foregoing results are in

good agreement with data reported in the first memorandum of this

series (1). That memorandum described the performance of another group

of six subjects tested in the reading of 100's dials. Each subject made

120 readings under accuracy instructions on each of the four 100's dials

which were used in the current experiment. Average records for this group

are represented by the triangular and dianond-shaped marks in Figures 3,

h, and 5. The error frequencies in Figures 3 and h and the reading time

data for the dials graduated by fives in Figure 5 coincide almost

exactly with the group averages for the present experiment. The somewhat

longer reading times for the: first group on the dials graduated by tens

appear to have been due primarily to the extremely long times taken by one

subject. Over all, the degree of observed agreement between the results

-13-



of the two experiments may be taken as an indication of satisfactory

reliability for the test procedure employed.

WFurther comparison of these results with the study of Williams and
Grether (2) is in order. Their study, confined to scales graduated by

tens, led to the conclusion that reading errors were at or near a minimum

for scales where arc length per scale unit was 0.06 inches. The data in

Figure 4 above are consistent with this result. The present data sug-

gest in addition, however, that for dials graduated by fives, see Figure 3,

the effective minimum may be reached at somewhat shorter are distances per

scale unit than for dials graduated by tens.

Reference should be made to two differences between the results of

the Williams-Grether experiment and the present test. Whereas reading'times were independent of the closeness of graduations for Williams and

Grether, they were not so in this experiment as shown in Figure 5. Fur-

ther, the error frequencies recorded by Williams and Grether were greater

than those found here. A direct comparison of a portion of the error data

from the two experiments, as made in Table I, shows that this difference

applied generally for large dial sizes (2.75 and 2.80 inches diameter)

and for small dial sizes (1.87 and 1.40 inches diameter). Differences in

test conditions, in stimulus material, and in subject populations were suf-

ficiently marked, however, to make differences in these aspects of the

results of the two studies not entirely unexpected.
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TABLE I

COMPARISON OF ERROR DATA FOR DIALS GRADUATED BY TENS
AS OBTAINED BY WILLIAMS AND GRETHER
UNDER SIMULATED DAYLIGHT CONDITIONS

AND IN THE PRESENT EXPERIIENT

Arc Length
Dial Per Scale

Experiment Diameter Unit Percentage of Readings Which Were:

Correct In Error In Error In Error by
(In (In to Near- by by MAore Than

Inches) Inches) est Unit 1 Unit 2 Units 2 Units

W. and G. 2.75 0.096 62 33 2 3
o.o48 53 41 4 2
0,024 42 42 10 6
0.012 20 56 17 7

K. and S. 2.80 0.088 90 10 0 0
o.o44 81 18 0 1
0.022 67 30 1 2
O.014 54 41 4 1

W. and G. 1.87 0.066 64 31 2 3
0.033 39 46 9 6
0.016 45 42 8 5
0.008 15 35 20 30

K. and S. 1.40 o.o44 87 12 0 1
0.022 71 27 1. 1
0.011 60 33 4 3
0.007 43 46 9 2
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TABLE I

COMPARISON OF ERROR DATA FOR DIALS GRADUATED BY TENS
AS OBTAINED BY WILLIAMS AND GRETHER
UNDER SIMULATED DAYLIGHT CONDITIONS

AND IN THE PRESENT EXPERIMENT

Arc Length
Dial Per Scale

Experiment Diameter Unit Percentage *3f Readings Which Were:

Correct In Error In Error In Error by
(In (In to Near- by by More Than

Inches) Inches) est Unit 1 Unit 2 Units 2 Units

W. and G. 2.75 0.096 62 33 2 3
o.o48 53 41 4 2
0.024 42 10 6
0.012 20 56 17 7

K. and S. 2.80 0.088 90 10 0 0
o.o44 81 18 0 1
0.022 67 30 1 2
0.014 54 41 4 1

W. and G. 1.87 0.066 64 31 2 3
0.033 39 46 9 6
0.016 45 42 8 5
0.008 15 35 20 30

K. and S. 1.40 0.044 87 12 0 1
0.022 71 27 1 1
0.011 60 33 4 3
0.007 43 46 9 2
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SUMMARY.

Results of a preliminary experiment involving six subjects, eight.different dial designs, and two sizes of dials have been reported.

Measures of reading time and error frequency were taken. The data ob-

tained must be interpreted in the light of the fact that the subjects

were graduate students reading at their own pace under instructions to be

as accurate as possible. It was observed that frequency of dial reading

errors was primarily a function of the arc length in inches devoted to

one scale unit. For maximum reading accuracy, about 0.05 inches per scale

unit seems to be required, although this distance may depend in part on

whether the scale is graduated by fives or by tens. Regarding speed of

reading, it was observed that speed depended most on the angular rep-*resentation of each scale unit on the dial circumference. Reading speed

was relatively independent of dial size within the size limits studied,

but varied markedly with the total number of =its portrayed on the scale.
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